At the start of this century, despite tremendous efforts to promote healthcare personnel (HCP) influenza vaccination by government agencies, professional societies, and visible vaccine champions, the HCP influenza vaccination rate remained unacceptably low (~45%). Subsequently, the perception of HCP influenza immunization evolved from an employee health benefit to an important measure of a healthcare facility's quality and patient safety program, moving an increasing number of facilities to mandate influenza vaccination. The rationale for these policies centers upon several core concepts: (1) the role HCP play in healthcare-associated pathogen transmission, (2) the lack of clear symptoms of influenza in many HCP, and (3) the vulnerability of patients to complications from influenza. Since 2005, when Virginia Mason Medical Center required influenza immunization as a condition of employment [1] , leading to vaccination rates of 98.9%, more institutions have implemented similar programs [2] [3] [4] [5] [6] [7] , including all Veteran's Administration hospitals in 2017 [8] . Based on an annual survey of HCP conducted by the Centers for Disease Prevention and Control, the percentage of HCP working under an employer vaccination requirement increased from 20.9% during the 2011-2012 influenza season to 44.1% during the 2017-2018 season [9] . Mandatory programs do have some implementation differences, including mask use for unvaccinated HCP during the influenza season, allowed exemptions (eg, only medical vs allowance for personal belief exemption), and consequences for noncompliance. It is important to note that although a few HCP have had their employment terminated due to vaccine refusal, the actual reported number of HCP dismissed is very small compared with the thousands of HCP encompassed by these policies.
Despite a growing number hospitals with a mandatory HCP influenza vaccination policy, opposition to this patient safety strategy still occasionally emerges [10] . In this commentary, we present the rationale for HCP influenza vaccination and the supporting evidence along the "causal transmission pathway" (Figure 1 ) that this intervention reduces patient harm. As a part of our argument, we have made several reasonable assumptions: (1) influenza vaccine is moderately effective and safe, (2) HCP have frequent contact with persons at high risk for complications from influenza infection (ie, their patients), and (3) most HCP are (and therefore behave like) healthy adults. We will use data that examines laboratory-confirmed influenza infection but also include supporting data from HCP with influenza-like illness (ILI). We recognize the challenges of using ILI as an outcome, because many cases of ILI are not due to influenza and many cases of influenza do not result in ILI. However, data examining the behaviors of HCP surrounding ILI and associated risks have clear applicability to influenza. We also acknowledge continued challenges with mandatory policies and the continued need for advancements in the effectiveness of the vaccine and in the prevention of all healthcare-associated respiratory infections (eg, reducing presenteeism). Finally, the role of requiring influenza vaccination in healthcare settings should be considered one aspect of a global infection prevention policy that includes and does not supplant the need for hand hygiene, isolation, surveillance, etc.
Influenza is transmitted person-to-person, primarily via droplets, and HCP infection is the first step in the causal pathway ( Figure 1) . In a systematic review and meta-analysis of 29 studies encompassing 97 influenza seasons, the incidence rate (IR) of influenza among HCP was 18.7 of 100 HCP (95% confidence interval [CI], 15.8-22.1) with an IR ratio of 3.4 (95% CI, 1.2-5.7) among unvaccinated HCP [11] . Data also indicate that exposure to ill HCP and ill patients increases a hospitalized patient's risk of developing healthcare-associated influenza (HAI). Using the clinical endpoint of ILI, Vanhems et al [12] noted that the relative risk (RR) of developing healthcare-associated ILI (HA-ILI) was significantly increased based on exposure to HCP and patients with identified ILI. Specifically, for patients exposed to at least 1 contagious HCP compared with those with no documented hospital exposure, the RR of HA-ILI was 5.48 (95% CI, 2.09-14.37); for patients exposed to at least 1 contagious patient, the RR was 17.96 (95% CI, 10.07-32.03); and for patients exposed to at least 1 contagious patient and 1 contagious HCP, the RR was 34.75 (95% CI, 17.70-68.25).
DOES INFLUENZA CAUSE ASYMPTOMATIC INFECTION AND IS THIS ASSOCIATED WITH VIRAL SHEDDING?
Once the HCP is infected with influenza, the risk of transmission to contacts increases and is based on the degree of clinical symptoms ( Figure 1) ; however, the influenza virus can be transmitted while someone is asymptomatic or paucisymptomatic. Viral shedding is more pronounced among persons with symptoms but clearly occurs in asymptomatic individuals [13] , and influenza virus is detectable in the upper airway and nasopharynx of influenza-infected persons up to several days before symptom onset. Household studies in which contacts of an influenza-infected index case are followed prospectively using symptom capture and laboratory testing can help examine secondary transmission patterns. Among a cohort of 824 households, 224 cases of secondary influenza infection were detected [14] . Viral shedding without symptoms varied by influenza strain type and was detected before onset of respiratory symptoms in influenza A-infected persons peaking within the first 2 days of clinical illness. Influenza B shedding peaked up to 2 days before symptom onset. The authors noted that " [t] he start of viral shedding before symptom onset, albeit at low levels...indicates the potential for influenza virus transmission in the pre-symptomatic phase of the illness before it becomes clinically apparent. " Another study used prospective surveillance and found viral shedding using polymerase chain reaction testing whether any signs or symptoms were reported in 14% of 59 subjects who were a household contacts of an index influenza-infected case [13] . Although influenza is clearly detectable in the nasopharynx of asymptomatic persons, there is some debate regarding the role this plays in transmission: that is, is there shedding and spread outside of the nasopharynx if no symptoms are present? However, one pragmatic nuance with this Unfortunately, HCP presenteeism, or working while ill, occurs frequently and plays a key role in the transmission of pathogens in healthcare settings [15] . In several published surveys, approximately 75% of HCP who develop an infectious illness (ie, ILI or gastrointestinal infection) have reported working while ill [15, 16] . Data consistently show that HCP, even with classic ILI with fever, still come to work and work for an average of several days while ill [15, [17] [18] [19] . Add in the asymptomatically infected HCP, who may shed virus before symptom onset, and the practically of "just staying home once symptoms develop" falls apart. Data on the impact of mandatory influenza vaccination and HCP sick days are emerging. After the institution of a province-wide vaccination with masking policy in British Columbia, HCP absenteeism due to all-cause illness in vaccinated versus unvaccinated HCP significantly declined during the policy's first season [20] . In a cluster randomized clinical trial, Frederick et al [21] found that among those HCP who reported at least 1 sick day, vaccinated HCP were absent significantly less when compared with unvaccinated HCP (odds ratio The ultimate goal of influenza vaccination of HCP is to prevent influenza infection in their contacts, namely, patients and other HCP. Disregarding the scientific rationale that supports vaccination as a measure to prevent influenza infection and, therefore, reduce the burden of potential vectors of HAI, some opponents of mandatory HCP vaccination call for clear evidence on the impact of this outcome before advocating a mandatory stance. Comprehensive estimates of the burden of HAI have been hampered by lack of a standardized definitions, varying methods of surveillance, and lack of recognition of influenza as a cause of nosocomial respiratory disease (resulting in lack of testing for this pathogen) [22] . Fortunately, a growing evidence base notes that this outcome is more frequent than previously suspected and that HCP vaccination can prevent it. Nosocomial outbreaks are well documented in many different patient populations and clinical settings [22] , and attack rates among patients and staff may be as high as 54% [23] . In many of these outbreaks, infections occurred in unvaccinated HCP, and HCP were linked epidemiologically to influenza transmission. Outbreaks have also been described when an individual or index case is minimally symptomatic [24] . Robust population-based data reinforce the impression from outbreak studies. A Canadian prospective laboratory-based surveillance program found that 17.3% of laboratory-confirmed influenza among hospitalized adults were healthcare-associated [25] . In Toronto, between 2005 and 2012, 318 nosocomial cases of influenza and 57 deaths were reported. Almost 7% were associated with outbreaks, and in these cases the case fatality rate was 18% (written personal communication, Allison McGeer [26] ). In a survey of academic centers in the United States, the identified rate of HAI reported by most facilities (using only clinically collected testing as opposed to systematic surveillance and testing of all patients with new respiratory illness during their hospitalization) was comparable to previously reported rates as well as rates of other healthcare-associated infections [27] . Still, this likely underestimated the true burden of these infections.
WHAT IS THE EVIDENCE THAT MANDATORY HEALTHCARE PERSONNEL INFLUENZA VACCINATION POLICIES IMPACT HEALTHCARE-ASSOCIATED INFLUENZA AND OTHER PATIENT OUTCOMES?
We have walked through the steps of transmission of influenza in healthcare settings, from infection (even if asymptomatic) of HCP, to factors such as presenteeism that facilitate exposure to infected HCP, and to data illustrating the burden of HAI. The impact of HCP vaccination on this patient outcome has support from several key sources. Herd immunity is defined as vaccine efficacy among unvaccinated contacts [28] , or, stated differently, the impact of immunization of a part of a population on the transmission and subsequent development of disease in the rest of that population. Because the immunogenicity and direct effectiveness from influenza vaccination is reduced in certain persons (eg, older adults, young children, immunocompromised individuals), vaccination of healthy adults in the population will help break the chain of transmission to all in the population. This effect from influenza vaccination has been shown in several large populations, including the vaccination of children in Japan [29] and among Hutterite colonies in Canada [30] and the subsequent impact on winter pneumonia and influenza mortality and laboratory-confirmed influenza in adults. The studies demonstrating the importance of herd immunity are often cited as rationale for HCP vaccination in hospitals, in part due to the extreme challenge of assessing this impact in an acute care setting. Many of the patients in healthcare settings may not be able to mount as robust or protective an immune response to influenza vaccine, making it important that those who can (ie, healthy adult HCP) become vaccinated to prevent spread in the population get immunized. This difference in vaccine effectiveness (VE) between HCP and their patients was nicely illustrated by Vanhems et al [31] in which VE among HCP was 89% compared with 42% in their patients.
The data also illustrate an effect on patient outcomes due to vaccination of acute care HCP. One early study demonstrated a significant correlation between increased HCP influenza vaccination rates and reduced HAI among patients [32] . The study is limited by its ecologic study design but does provide some initial suggestion of a potential impact. More recently, investigators at the MD Anderson Cancer Center examined the impact of increasing HCP influenza immunization over the course of 8 years. The proportion of influenza infections that were healthcare-associated among patients significantly decreased and was significantly associated with increased HCP vaccination rates [33] . A cluster randomized trial in the Netherlands of HCP at 6 medical centers, where the intervention arms offered vaccination to HCP versus no vaccination at control facilities, noted a significantly lower rate of HAI among internal medicine patients at the facilities with the higher (albeit still very low) rates of HCP influenza vaccination (3.9% vs 9.7% of patients) [34] . In another study encompassing 7 influenza seasons and over 62 000 hospitalized patients, a significant association was noted between increasing influenza vaccine coverage among HCP and decreasing healthcare-associated ILI among patients at an Italian acute care hospital. Specifically, as vaccination coverage dropped from 13.2% to 3.1%, the frequency of healthcare-associated ILI in patients increased from 1.1% to 5.7% (P < .001) [35] . Stevenson et al [36] examined the impact of vaccination rates on the percentage of long-term care facilities reporting an outbreak and found that if less than 25% of staff were vaccinated, close to 50% of facilities reported an outbreak. The rate of outbreaks decreased incrementally as the percentage of HCP were vaccinated, and if over 75% of HCP were vaccinated, the rate of influenza outbreaks decreased to 25%-a 50% reduction. Modeling studies have estimated that in both acute and long-term care settings, there is no HCP vaccination rate above which additional HCP vaccination coverage will not lead to further protection of patients [37, 38] . In these studies, vaccination of 100% of HCP in the acute care model resulted in a 43% reduction in the risk of influenza among hospitalized patients and a 60% risk reduction among nursing home patients. Finally, a nested case-control study in France noted a significant association between lower rates of laboratory-confirmed HAI among patients and higher (≥35%) vaccination rates among HCP [39] .
It is important to acknowledge the impact of influenza vaccination among HCP practicing in long-term care settings. Higher vaccination rates of HCP have been significantly associated with reductions in patient mortality in multiple, large-scale clinical trials. Three cluster-randomized trials demonstrated that HCP vaccination was associated with a statistically significant decrease in mortality among nursing home patients [40] [41] [42] . A fourth study, conducted in France among 40 facilities that included nearly 3500 residents and 2000 HCP, revealed a significant reduction in the risk of all-cause patient mortality between the 2 study arms even after adjustment for resident age, resident vaccination status, resident disability score, and Charlson comorbidity index (OR = 0.80 in intervention arm vs control arm) [43] . Increased HCP vaccination rates also significantly correlated with reduced patient mortality rates. These investigations do have some limitations, including concerns about outcome assessment in both study arms, vaccination ascertainment in both study arms, infrequent laboratory-confirmation of influenza, and lack of a significant impact on laboratory-confirmed influenza. Nonetheless, this striking patient mortality benefit in long-term care facilities from HCP vaccination is remarkably consistent across all 4 studies. In addition, after formalized assessment and consideration of this evidence base using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach, Ahmed et al [44] found that the pooled risk ratio for both all-cause mortality and ILI were lower and 0.71 (95% CI, 0.59-0.85) and 0.58 (95% CI, 0.46-0.73) with the use of HCP influenza vaccination. Some have argued that these studies do not provide evidence that vaccinating HCP against influenza protects patients in the acute care setting, calling for similar studies in each unique patient population. However, this stance ignores that the biological rationale for vaccination of HCP to reduce influenza spread does not vary by practice setting. Although in a long-term care setting, the interactions between HCP and patient may be more prolonged and frequent in nature, in an acute care setting, the patient has interactions with many more unique HCP, each of whom could be shedding influenza at the time of contact. Although very provocative, it should also be noted that the false claims that these studies comprise the majority of scientific rationale supporting HCP influenza vaccination policies [10] is simply untrue, as reflected by the evidence provided in this commentary and in position papers advocating such programs [45, 46] .
IS THERE A CASE FOR UNIVERSAL VACCINATION OF HEALTHCARE PERSONNEL? ARE SUCH POLICIES JUSTIFIED FROM AN EPIDEMIOLOGICAL AND/OR PUBLIC POLICY PERSPECTIVE?
The impact of mandatory influenza vaccination programs clearly leads to high vaccination rates [1-3, 5-7, 47-49] , and implementation of a mandatory policy (in the setting of a multifaceted influenza infection control program) is arguably the most effective strategy to increase rates above desired targets. These programs have also been associated with reductions in HCP sick days and with reductions in HAI infection among patients. The concept of requiring influenza immunization as a condition of HCP employment has now been endorsed by a growing list of professional societies and quality organizations, including every major North American infectious diseases and infection prevention organization (Table 1) [4] . In 2015, the American Nurses Association (ANA), a group that initially had not supported influenza immunization as a condition of employment, reversed their position and endorsed such a policy for the safety of HCP and their patients [50] [51] [52] .
The hallmark of determining whether a policy is impactful is to measure several different realms that may be important to the audience in question. In healthcare, this impact is commonly examined by looking at the effect on the various parties that may be affected: on patients, the HCPs, and the institution and its mission. This would be true in the setting of a policy that mandates influenza vaccination in healthcare settings. Such a policy would impact infection prevention, occupational safety, and the institution. Loeb et al [30] have argued that both interventions and assessment must be evidence based and hence reflect the best practices in medicine and science including those derived from research evaluations of the appropriate outcomes, and sometimes from a preponderance of evidence. He says that "Evidence-based infection control is...the explicit, judicious and conscientious use of current best evidence from infection control research in making decisions about the prevention and control of infection on" individuals and populations. Most institutions approach policy evaluation by examining the short, medium, and finally long-term impact. Hence, to look at a policy's impact, an assessment would include an examination of the impact from several perspectives including the impact on the morbidity and mortality of patients, their satisfaction with their care, and the associated "costs. " An institution will also evaluate the effect on their employees and ask questions about whether a policy keeps employees safer (in this case, infection free) and healthier and whether such policies do or do not improve employee engagement and satisfaction. Finally, institutions do consider their reputation within a community and may look at the impact of a policy on perceptions of the institution.
From a societal point of view, the question is as follows: "does a policy improve public health?" Important public health measures of a policy impact include decreased morbidity, mortality, and costs. In some instances, the components of a measure may assess generalizability across multiple acute and or longterm hospitals. In addition, a societal or public health perspective may include a global assessment of the impact on the work force and determine whether influenza vaccination improved the health of a large population of workers. One framework to assess policy impact and benefits evaluates 5 key areas to assess: relevance, efficiency, efficacy, impact, and sustainability (Table 2 ) [53] . Such policies that mandate influenza vaccination in healthcare settings meet these criteria given the risk.
Furthermore, Reichert et al [29] demonstrated the impact of vaccination of children on the general health and mortality of the public, especially those over the age of 65. These authors note the long-term and sustainable impact of vaccinating a cohort of individuals who will respond well to the influenza vaccine on those who may respond less well. The authors found that this policy of vaccinating children against influenza decreased deaths by 37 000-49 000. Policy reversal led to an increase in mortality in the elderly. Likewise, the impact of the policies that have increased influenza vaccination in HCPs in conjunction with a robust infection prevention program have fulfilled these criteria, leading to improved patient safety by decreasing nosocomial transmission of influenza, potentially decreasing mortality, and improving the health of HCP.
ARE THE ARGUMENTS FOR POLICIES MANDATING INFLUENZA VACCINE ETHICAL, AND HOW CAN THESE BE BALANCED AGAINST HEALTHCARE PERSONNEL AUTONOMY?
Many individuals have published discussions on the ethical arguments for mandating influenza vaccination for HCP [54] [55] [56] that are excellent summaries of the issues. Others have argued that mandatory influenza vaccination is coercive, invasive, and places patient protection above HCP autonomy [45, 57] . Although it is important to recognize these arguments, it is also important to place these arguments within the context of a HCP's ethical duty to protect patient safety [45, 58] . This duty consists of acting in the patient's interest, working to protect vulnerable patients, and not placing patients at undue risk of harm [45] . Furthermore, it is key to understand that up to 50% of influenza infections in HCPs are asymptomatic, paucisymptomatic, or simply unrecognized.
Along with the notion of HCP immunization as a measure of quality and safety, the view that HCP immunization aligns with and is an expected professional responsibility of HCP has also gained traction in recent years. In 2011, the American Medical Association, although not endorsing mandatory influenza immunization specifically, noted in their Code of Medical Ethics that physicians should "accept immunization absent a recognized medical, religious, or philosophic reason not to be immunized" and, if they are not immunized, to accept the decision of a "health care institution, or other appropriate authority to adjust their practice activities...(e.g., wear masks or refrain from direct patient care). " [59] The ANA notes that their members have a "professional and ethical obligation" to protect themselves and their patients and should be vaccinated against influenza in the absence of medical or religious exemptions [60] . Finally, in 2015, the National Patient Safety Foundation Board advocated for 2 "must do's" for HCP to ensure patient safety: hand washing and HCP influenza vaccination [61] .
The concern regarding HCP autotomy and the infringement on their right to choose regarding their personal health has been at the crux of the mandatory immunization debate. As noted above, in instances where the health of others may be impacted by the personal choices of the individuals, there is precedent for putting the public health above that of the individual autonomy. This has been reflected in laws prohibiting smoking in public areas to reduce the risk of second-hand exposure of others and with other immunization requirements (eg, for school entry). Healthcare personnel have other requirements as part of their occupation that may interfere with personal autonomy and freedom of choice. Surgical personnel are not allowed to perform sterile surgery wearing their street clothes due to clear safety concerns. Refusal to perform hand hygiene before patient contact is contrary to a culture of safety and would be addressed as unacceptable behaviors at many healthcare facilities. In addition, HCP are already faced with mandatory vaccination (eg, varicella) and annual invasive procedures (eg, tuberculin skin testing), and the legal precedent of mandatory vaccination is established [45, 62] . Thus, there is clear precedent in healthcare where protection of patients and other HCP overrides personal autonomy, especially when the risk of the proposed intervention to the individual is negligible. Regarding antagonism between employee and employer, evidence is mixed. Several employee unions have sued healthcare systems to end mandatory HCP influenza vaccination programs, yet surveys in several healthcare systems have shown that a majority of HCP support mandatory HCP influenza vaccination [3, [63] [64] [65] .
CONCLUSIONS
In sum, the data show that influenza is common among HCP and influenza infection is frequently paucisymptomatic in this group of motivated professions whose commitment to being present is a known reality. In general, this is a healthy group who develops a robust immune response to the vaccine. Vaccination against influenza in this "herd" has been shown to protect the vulnerable, reduce nosocomial transmission of influenza, and decrease patient mortality. The ethical responsibilities of HCP require them to protect the patients under their care. These tenets have been reviewed and upheld by the most thoughtful and prestigious ethicists in healthcare. The strength of the data has led professional organizations to support the policies mandating influenza vaccine. We feel passionately that mandating influenza vaccination is part of the HCP's personal responsibility and that these policies should be part of a comprehensive program to reduce healthcare-acquired respiratory infections. It is time to bury the hatchet on this argument, to follow the teachings from the bulk of the clinical evidence, and to embrace the importance of this policy. 
Efficiency
Measured in several ways, including a determination of whether the policy led to the desired outcome, in a cost-effective way.
• Improves patient and HCP safety • Decreases patient readmissions • Enhances timeliness that patients are seen by maintaining a work force?
• Improves patient flow through an institution by keeping workers safer and healthier?
Efficacy Efficacy requires determining whether the policy lead to stated goals.
• Decreases nosocomial influenza • Decreases work absenteeism/provision of a healthier work force • Enhances environmental safety for patients by decreased transmission and acquisition of influenza? Impact Examine the positive and negative impacts of the policy.
• Decreases nosocomial influenza and patient mortality and improved HCP health?
• Potentially affects employee satisfaction and may improve HCP engagement?
• May or may not affect employee retention?
• Provides HCPs, patients, and families with reassurance knowing the institution puts safety first.
Sustainability
Includes the long-term outcomes of such a policy including the impact on influenza transmission, HCP absenteeism, and HCP engagement over time.
• Includes many examples above and may be the most important of the criteria noted.
